The tremendous rise in the economic burden of type 2 diabetes (T2D) has prompted a search for alternative and less expensive medicines. Dandelion offers a compelling profile of bioactive components with potential anti-diabetic properties. The Taraxacum genus from the Asteraceae family is found in the temperate zone of the Northern hemisphere. It is available in several areas around the world. In many countries, it is used as food and in some countries as therapeutics for the control and treatment of T2D. The anti-diabetic properties of dandelion are attributed to bioactive chemical components; these include chicoric acid, taraxasterol (TS), chlorogenic acid, and sesquiterpene lactones. Studies have outlined the useful pharmacological profile of dandelion for the treatment of an array of diseases, although little attention has been paid to the effects of its bioactive components on T2D to date. This review recapitulates previous work on dandelion and its potential for the treatment and prevention of T2D, highlighting its anti-diabetic properties, the structures of its chemical components, and their potential mechanisms of action in T2D. Although initial research appears promising, data on the cellular impact of dandelion are limited, necessitating further work on clonal β-cell lines (INS-1E), α-cell lines, and human skeletal cell lines for better identification of the active components that could be of use in the control and treatment of T2D. In fact, extensive invitro, in-vivo, and clinical research is required to investigate further the pharmacological, physiological, and biochemical mechanisms underlying the effects of dandelion-derived compounds on T2D.
Introduction
ocieties in both developed and developing countries are engulfed by the metabolic disorder of type 2 diabetes (T2D). The world is facing a huge clinical and economic burden due to the enormous increase in diabetes incidence. It is estimated that approximately 382 million people in the world have T2D today, and by 2035, this number is expected to rise by more than 200 million if preventive measures are not established [1] . A WHO survey indicated that 70-80% of the world's population is relying on non-conventional medicines, primarily because of a lack of availability of and economic barriers to conventional medicine. In the past, plant-derived therapeutics have middle income. Even more alarmingly, it is estimated that 175 million people with diabetes still go undiagnosed [4] . In poorer regions, treatment of diabetes is very expensive, which makes medical treatment unattainable, resulting in poor healthcare and the use of alternative medicine [5] . Traditional medicine involving the use of bioactive plants has demonstrated potential to alleviate diabetic symptoms, enable recovery, and improve health [6] . Diabetes treatment has been attempted with different plants and poly-herbal formulations, with anti-diabetic activities originating from their bioactive components [7] . About 80% of people worldwide use traditional medicine, while approximately 75% of modern pharmaceuticals are derived from plants [8] . Medicinal plants include a wide variety of anti-diabetic components; frequently their discovery arises from ethnomedical knowledge [9, 10] .
The metabolic syndrome, characterized by obesity, hypertension, cardiovascular abnormalities, coronary artery disease, and dyslipidemias, is a core feature of T2D. This non-communicable disease is a metabolic disorder that involves alterations in carbohydrate, lipid, and protein metabolism, as well as pancreas function [7, 11] . T2D is a chronic multifactorial disease, resulting from defects in insulin and glucagon secretion and action, which may cause a progressive increase in plasma glucose levels and a disruption of biological mechanisms in liver, endocrine pancreas, skeletal muscle, adipose tissue, central nervous system, and gut, causing the dysregulation of glucose homeostasis, which plays a key role in the development of T2D [12] . T2D is a common endocrine disorder leading to increased water and food consumption, lipid formation, hyperglycemia, and elevated insulin production, which reinforces existing insulin resistance and contributes to pancreatic failure [13] [14] [15] . Insensitivity to insulin leads to dysregulation of muscles, fat, and liver cells due to inadequate transportation of glucose and abnormal storage of lipids [16, 17] . Eventually, chronic diabetes can cause blindness and renal failure, and is a major risk factor for cardiovascular diseases and stroke. In severe cases, it may result in lower limb amputations [13] .
The aim of this review is to evaluate the properties of a promising herbal candidate, dandelion, and to explore its diverse biological activities relevant to T2D, with a particular focus on the most current literature regarding the effects of its bioactive components on insulin function and glucose homeostasis. 
Origin and botany of dandelion
Dandelion is a plant of the genus Taraxacum and a member of the Asteraceae family. It has been used as a medicinal herb for a long time. Figure 1 shows an image of the dandelion plant including its various components that may be used for formulations [18] . Dandelion is produced for medicinal purposes and food, either grown from wild sources or cultivated. It is predominantly cultivated and produced in Bulgaria, Romania, Hungary, and Poland [19] . Dandelion occurs in the tropics, in cool highlands (1,200-1,500 m of altitude) and in warm sub-temperate and temperate zones around the northern hemisphere. It is able to tolerate drought and frost [20, 21] .
Taraxacum is taxonomically complex. In subarctic and Northern temperate regions, there are around 2800 known species [22] . The species Taraxacum officinale WEBER WIGG originates from Europe, and is used for medicinal purposes, while Taraxacum platycarpum is used as a Chinese traditional medicine to treat T2D and hepatic diseases [23] . As a perennial weed, dandelion produces a stout taproot with an average length of 15-30 cm [24] . Even if dandelion is cut below soil surface, the remaining roots are able to generate new plants. On average, each plant develops 5 to 10 flowers containing brown, conical fruits with a hairy pappus, which allows seeds to be distributed by wind. Young dandelion plants are cultivated under glass, and bedded out into manure soil. They are often sown between April and June in northern Europe [25] .
In Russia, India, and China, dandelion has been used in ethnopharmacology as a traditional folk medicine because of its hepatic and hyperglycemic effects [8] . It is often consumed as a food (salads) as it is a rich source of micronutrients such as minerals and vitamins [26] . Dandelion has numerous therapeutic benefits, including treatment of T2D, blisters, spleen, and liver complaints [27] , and is used as a popular traditional medicine in Turkey and Mexico for the control of T2D [28] .
FLOWER COMPONENTS:
-Caffeic acid -Chlorogenic acid -Chrysoeriol -Luteoline 7-O-glucoside -Chicoric acid -Monocaffeoyltartaric acid ROOT COMPONENTS: Anti-inflammatory and anti-microbial properties ( roots) [37] Taraxacolide-β-D-glucoside (sesquiterpene lactone)
LEAF AND STEM COMPONENTS:
Antihyperglycemic, anti-inflammatory, antimicrobial and hypolipidemic properties ( leaves and stem) [37, 129] Caffeic acid (phenolic acid)
Anti-oxidative and immunostimulatory properties (flower, stems ,leaves and roots) [85] Chlorogenic acids (phenolic acid)
Anti-oxidative and immunostimulatory properties (flowers, stems, leaves and roots). Strongest anti-oxidant
Anti-oxidant properties (flower) [ 
85]
Taraxinic acid-β-Dglucopyranoside (sesquiterpene lactone)
Anti-inflammatory, anti-hyperglycemic and antimicrobial properties.
(roots, leaves and stems) [ 
29]
Stigma sterol (phytosterols)
Anti-inflammatory, anti-hyperglycemic, antimicrobial properties (roots) [91] Ixerin D (sesquiterpene lactone) Anti-inflammatory and antimicrobial properties (roots) [37] Quercetin glycosides (flavonoid)
Anti-oxidant properties (leaves and stems) [91, 94] Chicoric acid (phenolic acid)
Immunostimulatory and anti-hyperglycemic ( most abundant compound found in roots leaves and stem) [31] 
Nutritional, chemical, and biological properties of dandelion
Tandem liquid chromatography and mass spectrometry analysis of dandelion have revealed rich sources of β-carotene, which protects cells from oxidation and cellular damage [29] . Recently, biochemical analysis identified chicoric acid (CRA) as the most abundant component of dandelion, with a polyphenolic amount of 34.08 ± 1.65 g/kg in Taraxacum officinale leaves and stems [30] [31] [32] . The concentration of polyphenols is higher in flowers and leaves than in stems [33] . There is also considerable seasonal variation; methylsterols are highly present in the winter, while sitosterol and cycloartenol esters are more prevalent during periods of extensive sun exposure [34] .
The roots of dandelion contain carbohydrates (e.g. inulin), carotenoids (e.g. lutein), fatty acids (e.g. myristic acid), minerals, sugars (e.g. glucose, fructose, and sucrose), choline vitamins, mucilage, and pectin. Up to 45% of the roots consist of inulin, a complex carbohydrate (fructo-oligosaccharides) with many beneficial effects such as the elimination of pathogens in the gastrointestinal tract, and repression of obesity, cancer, and osteoporosis [35] . Besides its use as a coffee substitute and flavor enhancer in drinks, the leaf extracts are known to be effective against obesity and cardiovascular disease [36] .
Dandelion includes potential bioactive components such as sesquiterpene lactones, taraxasterol (TS), taraxerol, chlorogenic acid (CGA), and CRA. These components are non-toxic and can be exploited for their potentially anti-inflammatory, anti-oxidative, anti-rheumatic, and chloretic properties [37] . See Table 1 for an overview of names and structures of dandelion components with antidiabetic actions. To date, there is little research investigating the content of the interesting dandelion components, in particular TS and taraxerol. However, dandelion has been shown to have a high content of these components compared to other plants; it contains a broad range of interesting bioactive components relevant to T2D that are likely to exert synergistic actions [38] .
Sesquiterpene lactones
Sesquiterpene lactones (SEL) are common in plants of the Asteraceae family. The biological profile includes anti-bacterial, fungicidal, growthregulating, anti-mutagenic, anti-feedant, and repellent properties [39] . Sesquiterpenes are colorless lipophilic components; their biosynthesis is from isoprene units, which occurs through farnesyl pyrophosphate found in endoplasmic recticulum [40] . Sesquiterpenes are generally extracted from the root, and consist of various components, including ( Table 1) :
The bitterness resulting from sesquiterpene lactones is due to components such as taraxacolide, dihydro-lactucin, ixerin D, taraxinic acids, phenyl propanoids, and ainslioside, which have anti-inflammatory properties [42] . These components are often present as glycosides. The bitter taste receptor (TAS2R16) on the cells of the tongue has a protective property to prevent the ingestion of toxic substances, eliciting an aversive sensory response [43] . However, there are flaws to this evolutionary system as a large proportion of substances beneficial to health taste bitter. The health-promoting benefits of dandelion can be attributed to the presence of these bitter substances and of phenolic components, which possess antioxidative and anti-inflammatory activities [44] . The anti-inflammatory properties are mediated chemically by the oxygen-containing ring structure featuring a carbonyl function (α-methyl-γ-lactone). This structure reacts with nucleophiles like cysteine sulfhydryl groups [45] . Thiol groups such as cysteine protein residues are known to be the primary target group of sesquiterpene lactones [46] . Sesquiterpene lactones do not exert direct antioxidant activity, which is attributable to their structure, but could show greater efficacy as a direct anti-oxidant due to the presence of allylic alcohol [47, 48] .
Taraxasterol
Taraxasterol (TS) is a pentacyclic-triterpene, which is highly present in dandelion roots throughout the year [49] . It is common in esculent plants such as legumes, cereals, nuts, and seeds as well as plant oils [50] . A study using high-pressure liquid chromatography (HPLC) ultraviolet-visible (UV/VIS) detection found high quantities of TS (2.96 µg/ml) and taraxerol (1.69 µg/ml) in natural root extract of Taraxacum Officinale weber; in callus culture, the root extract included 3.0 µg/ml TS and 1.75 µg/ ml taraxerol [38] . It is also extracted from the flowers of Carthamus tinctorius, Chrysanthemum morifolium, and Helianthus annuus. According to Zhang et al. (2012) , TS has antiinflammatory properties, and is considered a therapeutic agent for the treatment of inflammatory diseases. It is known as a monohydroxy triterpene, which is found in burdock, arnica, and chicory, and which displays several biological activities [51] . TS has inhibitory effects on inflammatory ear edema in mice, and it may retain chemo-preventive properties [52] . It is a naturally occurring sterol derived from hydroxylated polycyclic isopentenoid that has the structure of 1,2-cyclopentanophenanthrene. Apart from their importance in agricultural products for the food industry, sterols have a wide range of diverse biological activities, representing an economic value for the pharmaceutical industry [53] TS has shown anti-microbial activity against Staphylococcus Aureus; its presence in cancer cells may counteract the development of tumor at various stages [54] .
Chlorogenic and chicoric acid
CGA is an ester of caffeic and quinic acid and the richest phenolic component of dandelion. It is found in all parts of the plant (roots, flowers, leaves, and stems). A study using ultraperformance liquid chromatography -tandem mass spectrometry (UPLC-MS/MS) showed that the synthetic commercial standard Trolox ® is a less effective anti-oxidant than natural CGA. An examination of the phenolic content of a fractionated ethyl acetate extract from dandelion roots showed that CGA was the most common component (31.06 mg/g). Other studies using liquid chromatography with (photo) diode array detection (LC-DAD) indicated that the concentration in leaf extracts amounts to 0.85 mg/g, with 0.22% dry weight (Dw); HPLC-UV analysis showed concentrations to be 8 mg/g in leaf extracts. LC-DAD analysis indicated CRA at 0.09-0.51% Dw in roots and 0.77% Dw in the leaves [55] [56] [57] [58] . According to Owen et al. (2014) , CGA is a potent anti-oxidant because of its high phenolic content, with an ethyl acetate chromatographic fraction of 2,2-diphenyl-1-picrylhydrazyl (DPPH) IC 50 (0.033 ± mg/ml) [55] .
CGA consists of major phenolic components which generate the natural anti-oxidant property, possibly by binding to enzymes or multi-subunits of proteins, thereby altering their biological activities [59] . Thus, CGA may be used as an antidiabetic, anti-oxidant, and anti-carcinogenic agent, which is based on its 5-0-caffeoylquinic acid structure and its scavenger activity for reactive oxygen and nitrogen species [60] .
CRA is the most abundant component found in the roots, leaves, and stems of dandelion. This was revealed by the analysis of thirty phenolic components of dandelion juice, using liquid chromatography, mass spectrometry, and HPLC [30] . 2,3-dicaffeoyltartaric acid is a phenolic component from Chichorium intybus, which is known to be a strong anti-diabetic agent [61] . CGA and CRA originate from plants of the same family (Chichorium intybus), and have been used as raw materials for the generation of coffee substitutes [62] . In the presence of inulin, CRA improves lipid metabolism. In an in-vivo study, rats fed with chicory extract and those fed with an inulinenriched diet showed a significant increase in fecal lipid, cholesterol, and bile acid excretion, implying that chicory regulates lipid metabolism [63] .
Other micronutrients found in dandelion
Dandelion is also rich in vitamins (A, C, D, E, and B), inositol, lecithin, and minerals such as iron, magnesium, sodium, calcium, silicon, copper, phosphorus, zinc, and manganese [64] . The flow of some of these ions, e.g. calcium ions in beta-cells, may help to stimulate insulin exocytosis [65] . Among vegetables, dandelion is one of the richest source of beta-carotene (11,000 µg/100 g leaves, same as in carrots), from which vitamin A originates [66] . In the past few years, dandelion has demonstrated health benefits including antirheumatic, anti-carcinogenic, diuretic, laxative, hypoglycemic, and chloretic effects [67] .
Anti-diabetic properties of dandelion and its components
The bioactive components in dandelion have demonstrated a series of anti-diabetic effects, which are due to the pharmacological actions of components such as sesquiterpene lactones, triterpenes/phytosterols (taraxasterol), phenols, flavonoids, and phenolic acids [44, 67] . Metformin is currently the first choice and most used anti-diabetic drug treatment, and was obtained originally from galegine discovered in Galega officinalis [68] . Similarly, acarbose, used as an anti-diabetic drug for the inhibition of alpha glucosidase, was discovered from a bacterium [69] .
The main factor in T2D is the dysregulation of insulin secretion and insulin sensitivity that leads to increased blood sugar levels (hyperglycemia) and T2D, which can later cause the development of vascular diseases [70] . As T2D is both an epidemic phenomenon and a huge economic and social burden, many countries are becoming more reliant on anti-diabetic medicines [27, 28] . The root of dandelion contains inulin which includes fructooligosaccharides (FOS). FOS is a complex carbohydrate; its intake benefits bifido-bacteria, which eliminate pathogens in the gastrointestinal tract [66] . As a result of mineral absorption, FOS stimulates the immune system, and thereby suppresses abnormal cell growth. This complex carbohydrate can help to normalize blood sugar levels. According to Amin et al. (2015) , it reduces hyperglycemia when used in high levels of water extract [66] . CGA has been a potential compound for preventing obesity and inflammation. It also impacts on insulin secretion and sensitivity, making it an attractive option for use as a future anti-diabetic drugs [61, 71] .
Anti-hyperglycemic actions
Insulin resistance, which occurs in several key tissues such as liver, muscles, and adipose tissue, is the primary cause of hyperglycemia and a hallmark in T2D pathogenesis [72] . Another wellknown mechanism that affects glucose homeostasis is oxidative stress, which is driven by autooxidation and protein glycation [73] . This process may cause an increase in the production of lipid peroxide which in turn decreases the antioxidative defense [67] , thus supporting the development of β-cell dysfunction [74] . β-cell dysfunction impairs insulin secretion as a result of glucotoxicity and lipotoxicity, which negatively influences the conversion of proinsulin to insulin [75] . Studies on dandelion extracts revealed that it may stimulate the release of insulin in pancreatic β-cells, which consequently counteracts the effects of hyperglycemia [76] . Hussain et al. (2004) demonstrated that rat insulinoma cells (INS-1E cells) have insulin activity. Dried ethanolic extract (40 µg/ml) of Taraxacum officinale (TO) was given to the cells in the presence of high glucose (6.0 mM), using glibenclamide (an anti-diabetic drug) as a control. The authors found a significant insulin secretion by INS-1E cells compared to normal glucose (3.0 mM) [76] .
Studies have revealed that CRA also increases glucose uptake in muscle cells due to the stimulation of insulin secretion in the pancreas [61] . Dandelion, administered as a 9.7% herbal preparation of ethanolic extract, has anti-hyperglycemic effects in non-obese diabetic mice [23] . Furthermore, CRA and TS inhibit α-glucosidase and α-amylase, preventing the digestion of complex carbohydrates such as starch, and thus further contributing to the anti-hyperglycemic effect [44] . Studies in diabetic rats have demonstrated that dandelion induces a decrease in glucose plasma concentration, which improves the insulin secretion activity of β-cells [44] . Seo et al. (2005) showed that dandelion leaf extract has anti-inflammatory properties, which may protect against cholecystokinin-induced acute pancreatitis in rats [77] . Cholecystokinin is known to exert trophic effects in several species. TO has been used to cure liver and gallbladder disorders, which is attributable to its content of terpenoid and bitter sterol components such as taraxacin and taraxacerin [77] . Koo et al. (2004) found that TO induces apoptosis of human hepatoma (HepG2) cells through tumor necrosis factor α (TNF-α) and interleukin (IL) 1α secretion, implying antiinflammatory effects within the central nervous system. TS is a component of TO, and has anticarcinogenic and anti-tumor properties, as it was shown to cause a dose-dependent reduction in tumor cell viability by 26% [78] . Zhang et al. (2012) showed that TS inhibits nitric oxide (NO), prostaglandin E 2 , TNF-α, IL-1β, and IL-6 in lipopolysaccharide-induced macrophages. and prevents LPS-induced nuclear factor κB (NF-κB) translocation from the cytoplasm to the nucleus. These results emphasize the anti-inflammatory effect of TS, as it was shown to block the NF-κB pathway that regulates protein-inflammatory gene expression [79] . Similarly to other medicinal plants (e.g.
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Bidens pilosa L, Allium sativum, Gymnema sylvestre, Citrullus colocynthis, Trigonella foenum greacum,
Momordica charantia, and Ficus benghalensis), TS may modulate β-cell dysfunction and increase insulin gene expression, which promotes insulin secretion from the granules and inhibits β-cell degradation [80, 81] .
Anti-oxidative properties
Oxidative stress causes cellular damage involving constituents such as DNA, lipids, and proteins, eventually resulting in a metabolic disorder, which is the decisive process in the etiology of T2D [82] . Two percent of oxygen consumed end up as reac-tive oxygen species (ROS) in mammals. ROS include hydroxyl radicals, superoxide radicals, singlet oxygen, and peroxyl radicals, which contribute to several forms of human cancer and other severe diseases [83] . Recently, CGA found in the roots of dandelion has been identified as a potent anti-oxidant, which may suppress oxidative stress markers such as malondialdehyde and glutathione [84] [85] [86] .
It has also been shown that glucose may generate ROS in β-cells, implying that glucose-induced oxidative stress is a mechanism of glucose toxicity [87] . The process of ROS formation involves autooxidation, oxidative phosphorylation, glycosylation, and glucosamine pathways [88] . Excess ROS production requires anti-oxidant defense, which is provided by dandelion extract, as is known from several studies conducted both in vitro and in vivo [89] . Flowers from dandelion are potential antioxidant resources, exerting their effect by way of their rich content of phenolic components including flavonoids, coumaric acid, and ascorbic acid [67] . Their leaf extracts are effective hydrogen donors, hydrogen peroxide scavengers, and reducing agents [90] . Several studies have demonstrated the anti-oxidative effect of dandelion. According to Hagymasi et al. (2000) , extracts from dandelion leaf and root are hydrogen-donating, ROS formation-inhibiting, and radical-scavenging [91] . In another recent study of dandelion flower extracts, ethyl acetate fraction scavenged ROS by preventing DNA from ROS-induced damage. The prevention of oxidative stress was due to the presence of bioactive components including luteolin and luteolin 7-O-glucoside [92] .
Obesity is a major aspect of metabolic syndrome which causes β-cell dysfunction. Failure of β-cells to produce adequate amounts of insulin is attributed to high levels of free fatty acids present in the plasma. This results in a decrease of glucose transportation into the muscle cells, thereby increasing levels of glucose and fat in the blood plasma, eventually causing hyperglycemia and lipid oxidation, which can be controlled by the anti-oxidative property of dandelion [93, 94] . In a study evaluating the effects of anti-oxidant on C57BL/6J mice fed a high-fat and -cholesterol diet using leafy mixed vegetable extracts (including dandelion), a significant drop in lipid peroxidation in various organs including the liver was observed [95] . This was due to the anti-oxidative activities expressed by enzymes present in the leafy extracts, including glutathione peroxidase, glutathione reductase, and superoxide dismutase [95] .
Action mechanisms of dandelion in T2D
T2D impacts many biological systems that influence the proper function of lipid metabolism, glucose metabolism, and insulin regulation. Glucose is the main energy source for most organs of the body and insufficient release of insulin by the β-cells to control glucose levels leads to metabolic disorders. Therefore, a possible explanation for the effects and mechanisms of dandelion on T2D could be its interaction with factors involved in the metabolic syndrome (lipid metabolism, glucose metabolism, protein metabolism, α-and β-cells dysfunction) [96] .
Edwin et al. The mechanisms of plant polyphenolic components against T2D involve the stimulation of cAMP that increases exocytosis in β-cells, inhibition of insulin degradative processes, prevention of oxidative stress, regeneration of β-cells, reparation and cellular hypertrophy, and cellular proliferation in the islets of Langerhans [6, 74, [97] [98] [99] [100] [101] . Other active constituents existing in medicinal plants like dandelion include alkaloids, glycosides, amino acids, terpenoids, inorganic ions, steroids, carbohydrates, and galactomannan gum. These components have been shown to affect glucose uptake and metabolism both directly or indirectly [98] .
Action of dandelion on digestion, glycolysis, and Krebs cycle
Carbohydrate consists of the constituents starch and sucrose, which supply more than 80% of the rapid energy required by the body. During digestion, most enzymes in the mouth and small intestines of humans, including α-amylase and α-glucosidase, facilitate the cleavage of carbohydrates to produce glucose which is absorbed through the walls of the small intestines into the blood stream [102] . To regulate glucose level, components like TS and CGA may inhibit α-carbohydrates. This inhibitory action contributes to glucose homeostasis, especially in diabetic patients [28] . The actions of CGA and TS to decrease glucose absorption could be a therapeutic approach that helps to reduce postprandial blood glucose level in T2D patients [66] . The bioactive components in dandelion are known to act at target sites of biochemical pathways, especially at sites where glucose metabolism is involved.
Mitochondria play another critical role in the onset of insulin resistance as they are the site at which the Krebs cycle and fatty acid oxidation take place. Their dysfunction may cause the accumulation of fat in muscle tissue and subsequently the decrease of adenosine triphosphate (ATP) in membrane transport [103] . Bioactive components in dandelion may be able to regulate these pathways, possibly via inhibition of certain enzymes that digest carbohydrates [98] . The pathways involved are the glycolytic cycle and Krebs cycle, in addition to other pathways involved in the release of insulin from β-cells. CGA and CRA may activate glucokinase in glycolysis, which catalyzes the phosphorylation of glucose to glucose-6-phosphate (G6P) [104, 105] .
Glycolysis is a metabolic pathway in which a 6-carbon glucose molecule is oxidized to result in two pyruvic acid molecules. This glycolytic pathway mainly produces energy in tissues that remain in a low-oxygen state, e.g. those with low-oxygenated red blood cells. The catalytic reactions involve the actions of several enzymes, including phosphofructokinase, hexokinase, and pyruvate kinase. Bioactive components from medicinal plants such as dandelion are known to regulate enzymes such as hexokinase, glucokinase, and phosphofructokinase. These enzymes are involved in the processes of glycolysis and the Krebs cycle [98] . Studies have shown that plants rich in CGA can improve the functional activities of these crucial enzymes (phosphofructokinase, hexokinase, and pyruvate kinase) [106] .
There are many enzymes involved in glycolysis and the citric acid cycle. Some components in plants are able to affect these enzymes. These components are also present in dandelion. Dandelion in particular has a high concentration of CGA, which directly affects glycolysis and indirectly the Krebs cycle. It is possible to speculate that other potent plant components such as TS and CRA, may also be responsible for the effects related to the treatment of T2D. More research on TS and CRA is required in this area.
Dandelion action during the insulin release mechanism
The mechanism of insulin release in β-cells is a complex process, which has to cope with the frequent fluctuations of glucose in the blood. Didier et al. (2008) have shown that CGA is an inhibitor of glucose-6-phosphatase (G6P) in rat liver, and may increase glucose transport, thereby increasing ATP production and stimulating insulin secretion [61] . Before insulin is released from the granules that are assembled within the trans-Golgi network in the cytoplasm of β-cells, two processes take place: 1) closure of the ATP-gated potassium channel and 2) activation of the voltage-gated calcium channel take place [107] . Jensen et al. (2008) proposed that insulin exocytosis is controlled by the intracellular ATP/ADP ratio of β-cells, followed by an elevation in glucose metabolism [108] . The enhanced ATP/ADP ratio induces plasma membrane depolarization by the closure of β-cells K ATP -sensitive channels. The resultant influx of Ca 2+ causes insulin export through fusion of a readily releasable pool containing vesicles within the plasma membrane [109] .
Research has demonstrated that certain bioactive plant components, in particular CRA and CGA, can act on sulfonylurea-binding site 1 (SUR1), which contributes to the closure of the ATP-sensitive potassium channel (K ATP ), and eventually leads to membrane depolarization that promotes calcium ion influx [61, 81] . This mechanism is represented in Figure 2 .
Also, plant components may stimulate and increase the biosynthesis of cyclic adenosine monophosphate (cAMP), which acts as a second messenger in β-cells by inducing cholecystokinin-and glucose-stimulated insulin release [6] . Therefore, it is possible that dandelion-derived compounds prepared from TS, CGA, CRA, and other components of medicinal plants, may be able to modulate insulin gene expression, promote insulin secretion from granules, and inhibit the degradation of β-cells [81] .
Finally, dandelion is very rich in ions such as calcium, which may possibly affect calcium turnover and mobilization, increasing Ca 2+ plasma levels and the production of triacylglycerol (TAG), and activating isoforms of protein kinase (PKC). The effect of dandelion-derived compounds on PKA and PKC also helps to provide elevated Ca 2+ levels. Most importantly, this pathway enhances the effect on insulin release [65, 110] .
Mechanism of dandelion components in the regulation of β-cell gene expression
Similar to coffee, dandelion roots and flowers contain bioactive anti-oxidant components such as CGA that regulate the function of β-cells [111] . The incretin hormone glucagon-like peptide-1 (GLP-1) is secreted by intestinal L-cells as a result of the inhibition of glucose absorption by CGA [111] . Pancreatic islets consist of four cells: insulinsecreting β-cell, glucagon-secreting α-cell, somatostatin-secreting δ-cell, and polypeptide-secreting F-cell [112] . GLP-1 production, resulting from the action of CGA, helps to modulate glucosedependent insulin secretion from the β-cell. Eventually, there is a stimulation of membrane receptors which activates cAMP [113] . GLP-1 also increases gene expression, primarily by upregulating the activities of the homeodomain islet/duodenum homeobox-1 (IDX-1), which results from the increased activity of the cAMP pathway. IDX-1 is a master regulator responsible for β-cell differentiation and function, regulation of somatostatin, and pancreatic development [114] .
IDX-1 is a transcription factor, and plays an important role in insulin gene transcription, most essentially in the transcription of glucose transporter 2 (GLUT-2) and glucokinase, which initiates the glucose responsiveness in β-cells [111, 114] . Other β-cell transcription factors that regulate insulin gene expression and β-cell function include PPAR, Nkx2-2, Nkx6.1, pdx1, Beta2, Pax6, and Foxa2 [115] . Transcription factors such as the three peroxisome proliferator-activated receptors (PPAR-γ, -δ, and -α) increase the expression of genes that are responsible for carbohydrate and lipid metabolism in liver, gut, and adipose tissue [116] . Furthermore, the study of Christensen et al. (2009) revealed that components of extracts from medicinal plants such as those in dandelion stems, flowers, and leaves, activate PPAR-γ. Just like all nuclear receptors, the PPARs have a DNA-binding domain (DBD) and a ligand-binding domain (LBD). When activated they form dimers with another receptor called the retinoid-X-receptor (RXR) to be released from their co-repressor [117] . The PPAR/RXR complex binds to DNA in the nucleus through the DNA-binding domain, and causes the transcription of specific genes involved in the control of glucose and lipid metabolism [118] . Glitazones, also known as thiazolidinedione, have antidiabetic activities, and activate PPAR-γ [119] . PPAR-γ exists in two forms (PPAR-γ-1 and PPAR-γ-2), with PPAR-γ-2 contributing to the regulation of genes and insulin sensitivity [120] . In an in-vivo experiment, Li et al. (2009) showed that CGA significantly increases the expression of hepatic mRNA through interaction with PPAR-α. It is thus possible that CGA activates PPAR-α [121] . Also, the presence of CGA may stimulate the production of GLP-1, reverse β-cell dysfunction, and thus help to treat T2D [122] .
Action mechanism of dandelion in lipid metabolism
T2D results from β-cell dysfunction and other upstream metabolic disorders such as obesity and non-alcoholic fatty liver disease (NAFLD) [123] . While excessive consumption or inadequate metabolism of alcohol leads to alcoholic fatty liver disease (AFLD), consumption of excess carbohydrate or sugar leads to NAFLD, which is an abnormal lipid formation within the liver [124, 125] . This process may lead to lipogenesis from free fatty acids that accumulate through excess sugar (fructose) into fat or triglyceride in the liver, and may cause insulin resistance, impaired glucose metabolism, and inflammatory response [125] .
In mice, dandelion leaf extract has been shown to reduce serum glucose, cholesterol, and triglyceride levels, possibly through the elevation of adenosine monophosphate-activated protein kinase (AMPK) in the liver, with a significant fall in lipid accumulation and improvement in insulin sensitivity [126] . Dandelion contains potential bioactive components (TS and CGA), which offer safe treatment and control of diabetes. It has several beneficial properties; it is anti-diabetic, antioxidative, and anti-inflammatory. In some studies, dandelion components were shown to act by inhibiting oxidative stress in liver injury, reducing high cholesterol, and reversing streptozotocin-induced diabetes [127] . Since oxidative stress is a prime marker of T2D, it is interesting that CGA (derived from dandelion) is highly anti-oxidative, able to increase the production of ROS-scavenging enzymes, malondialdehyde and glutathione, and to inhibit oxidative stress in the liver. This property of dandelion is beneficial in the scenario of fatty liver disease where lipid peroxidation can be reduced [85, 86] . have shown that CGA positively alters body fat in high-fat diet induced-obese mice [128] . This implies that CGA has anti-obesity properties, which can be observed through the downregulation of fatty acid and cholesterol biosynthesis, thereby reducing the risk of overexpo The diagram specifies potential mechanisms of bioactive components from dandelion (CGA, CRA, TS, and SEL) on insulin secretion and cAMP pathway. T2D can arise from several defects, including low response in β-cells (at the level of GLUT2, SUR1, G-protein-coupled receptors, and gene expression), enzymatic action in digestion, glycolysis, and Krebs cycle. Bioactive compounds may act directly or indirectly in a series of processes, thereby modulating and regulating some T2D defects and responses. The steps of insulin secretion are shown by numbers 1-7, with steps 1 and 2 showing how ATP is produced, steps 2-5 indicating the mechanism of K ATP closure and opening of the calcium ion channels, and 5-7 showing the influx of calcium ions into the β-cell triggering insulin granules to release insulin via exocytosis. A to G shows the potential mode of action of CGA, CRA, TS, and SEL at various levels of β-cell activity following the inhibition of α-glucosidase during digestion in the small intestines. A and B represent the upregulation in the release of GLP-1 secreted by intestinal L-cells, and the subsequent inhibition of glucose absorption induced by dandelion components CGA, CRA and TS. C and D indicate the stimulation of Gprotein-coupled receptors and activation of adenyl cyclase, which further activates steps E and F, where cAMP activates PKA, PKC, and IDX-1, resulting in gene modulation of insulin and GLUT2, as well as an increase in calcium flow, which eventually facilitates the release of insulin. X represents the modulation of the insulin receptor by dandelion-derived compounds, which induces insulin secretion via regulation of IDX 1 factor, GLUT2, glucokinase, and endoplasmic reticulum Ca ions.
Mechanism of dandelion components in the regulation of β-cell gene expression
Action mechanism of dandelion in lipid metabolism
In mice, dandelion leaf extract has been shown to reduce serum glucose, cholesterol, and triglyceride levels, possibly through the elevation of adenosine monophosphate-activated protein kinase (AMPK) in the liver, with a significant fall in lipid accumulation and improvement in insulin sensitivity [126] . Dandelion contains potential bioactive components (TS and CGA), which offer safe treatment and control of diabetes. It has several beneficial properties; it is anti-diabetic, antioxidative, and anti-inflammatory. In some studies, dandelion components were shown to act by inhibiting oxidative stress in liver injury, reducing high cholesterol, and reversing streptozotocin-induced diabetes [127] . Since oxidative stress is a prime marker of T2D, it is interesting that CGA (derived from dandelion) is highly anti-oxidative, able to increase the production of ROS-scavenging enzymes, malondialdehyde and glutathione, and to inhibit oxidative stress in the liver. This property of dandelion is beneficial in the scenario of fatty liver disease where lipid peroxidation can be reduced [85, 86] . have shown that CGA positively alters body fat in high-fat diet induced-obese mice [128] . This implies that CGA has anti-obesity properties, which can be observed through the downregulation of fatty acid and cholesterol biosynthesis, thereby reducing the risk of overexposure of β-cells to free fatty acids, and thus counteracting adiposity and insulin resistance effects [128] . There is substantial evidence that elevated concentrations of free fatty acids are toxic to β-cells [129] . The toxicity of the β-cells leads to a decrease in glucose-induced insulin secretion, impaired insulin gene expression, β-cell dysfunction, and increased cell death [15] . Prentki and Corkey (1996) hypothesized that, in the presence of physiological glucose concentrations, excessive fatty acids are readily removed by mitochondrial β-oxidation [130] . However, when fatty acids and glucose are both elevated, there is an accumulation of metabolites resulting from fatty acid esterification, which impairs β-cell function gradually [130] . It has also been demonstrated that dandelion extract is able to reduce hepatic lipid accumulation by activating the phosphorylation of AMP and AMPK, hence protecting against NAFLD and eventually against hepatic steatosis (fatty liver disease) [126] .
The liver is responsible for the maintenance of blood glucose concentration during fasting and postprandial states. When the effect of insulin is lost, the liver initiates glycogenolysis, and increases hepatic glucose production [131] . An early manifestation of insulin resistance is the result of abnormalities in triglyceride storage and lipolysis in insulin-sensitive tissues [14] . There is a connection between obesity, T2D, and inflammation. Studies of TNF-α regulation in adipose tissues of mice have found a correlation between obesity and TNF-α concentration, both of which have been shown to increase the risk of insulin resistance [132] . Excess free fatty acid has been demonstrated to be toxic to hepatocytes, and to contribute to insulin resistance [133] . Coupled with the impact on digestion, carbohydrate metabolism, insulin release, and β-cell function, the effect of dandelion extracts on lipid metabolism, especially in liver and adipose tissue, may positively influence the modulation of T2D [67, 133] .
Action mechanisms of dandelion in Gprotein-coupled receptors and insulin function
G-protein-coupled receptors (GPCRs) are often key targets for a number of synthetic and plantderived pharmaceuticals that are designed to improve the regulation of insulin and glucagon [134] . CRA, CGA, and TS can stimulate membrane receptors, and mediate the generation of ATP and cAMP [61] . Most of the GPCRs are involved in the regulation of islet function, and contain a variety of ions, fatty acids, and amino acids [135] .
The α-subunit of the G-protein binds to guanosine 5'-diphosphate (GDP) when inactive and to guanosine triphosphate (GTP) when activated. When the GPCR is activated through binding with signaling molecules, ligands such as bioactive components from dandelion (CRA, CGA, TS) influence different cell functions [136] . Ligands bind to the GPCR, which propagates conformational changes, leading to an α-subunit exchange of phosphate between GDP and GTP, resulting from a loss of a phosphate group from the free GTP and the conversion of GDP to GTP on the receptor. As a result, subunits G α -GTP and G βγ dissociate from both the receptor and from each other, and regulate target proteins such as adenyl cyclase. Also, signaling from GPCR could be relayed through stimulatory G s and inhibitory G i , with G i stimulating phospholipase c when activated. This cleaves phosphatidylinositol in the membrane, releasing inositol-1, 4,5-triphosphate (IP 3 ) and TAG [137] . The cAMP is formed from the stimulation of adenyl cyclase using ATP. The actions of cAMP are known to be activated by plant components, which lead to protein phosphorylation that regulates the activity of a variety of proteins, and stimulates another enzyme called PKA [6, 138] . IP 3 increases cytosolic Ca 2+ originating from the endoplasmic reticulum [137] . PKA helps in the phosphorylation of different proteins and enzymes in the cytoplasm, and participates in the transcription of particular genes [139] . Eventually, this process facilitates the transport of glucose into the cells and tissues, mediating the signaling of insulin exocytosis [6] . Thus, some components of dandelion (CRA, TS, and CGA) could be applied to interact with Gprotein-coupled receptors, and thereby to stimulate several activities in the β-cell, which may lead to insulin secretion, regulate hyperglycemia, and help in the prevention and treatment of T2D [140] .
Glucose transportation and action of dandelion
Insulin stimulates skeletal glucose uptake by increasing GLUT4 translocation from intracellular storage vesicles to the plasma membrane and transverse tubules. Didier et al. (2008) showed that CGA stimulates glucose transport in muscle cells and insulin secretion in β-cells. Furthermore, insulin initiates activity in muscles, leading to the binding of insulin receptors followed by autophosphorylation. This process further induces a series of phosphorylations and protein-to-protein interactions mediating insulin signaling [141] . According to Mc Culloch et al. (2011) , the influx of glucose is regulated by specific insulin independent GLUT membrane transporter proteins (GLUT1 in human and GLUT2 in rodent β-cells). The Michaelis constant (K m ) of GLUT1 and GLUT2 is very high, indicating that they are active only at high extracellular glucose. GLUT 1, GLUT3, and GLUT4 are high-affinity-binding proteins, while GLUT2 is a low-affinity-binding protein. CGA is known to delay glucose transportation in the gut, and to initiate changes in the concentration of plasma GLP-1 and GIP. These properties may help to control T2D by reducing the transport of excess glucose by GLUT4 into the muscle cells and by stimulating the modulation of insulin gene expression [111, 142] . When mammalian cell types are exposed to metabolic stress, e.g. inhibition of oxidative phosphorylation and osmotic stress, there is an increase in glucose uptake by GLUT1 mediated by AMPK [143] .
Finally, CRA is also an inhibitor of glucose-6-phosphatase (Glc-6-pase), which is involved in catalyzing glycogenolysis and gluconeogenesis in the liver. CRA binds the Glc-6-P transporter (T1) and 2-hydroxy-5-nitrobenzaldehyde (HNB), which inhibits the interaction between T1 and the phosphatase transporter. This is useful in the regulation of abnormally high rates of glucose production in T2D [142] . GLUT4 mediates insulin-stimulated glucose uptake by skeletal muscles, heart, and white and brown adipose tissue, and thus increases glucose admission into the muscles under hyperinsulinemic conditions [143] . The effect of CRA on glucose uptake in muscles may be exerted through the activation of AMPK which increases insulin sensitivity [61] .
Action mechanism of dandelion in glucose uptake by muscle cells
The work by Touch (2008) demonstrated that CRA and CGA significantly increase insulininduced glucose uptake in L6 cells (cultured muscle cells) because of the activation of the AMPK pathway that translocates GLUT4 to transport glucose into muscle cells [61] . The muscle cell membrane has insulin receptors that consist of two α and β subunits. The α subunits are external within the cell membrane and contain the insulinbinding sites, while the β subunits are internal and consist of tyrosine domains [136] . Once the α subunits are bound to insulin, the β subunits become phosphorylated, activating the tyrosine kinase enzyme that initiates insulin receptor substrate (IRS-1) and downstream pathways such as phosphatidylinositol 3-kinase (PI3K), AMPK, and mitogen-activated protein kinase (MAPK) [144] . This process increases the translocation of GLUT4 to the cell membrane, which further transports glucose into the muscle cell membrane.
Muscle cells and adipose tissues also contain PPARs [116] . The function of dandelion-derived compounds may significantly activate PPARs [120] . This activation improves muscle insulin sensitivity, which stimulates the GLUT4 receptor, and initiates the release of GLUT4 responsible for insulin-stimulated glucose uptake in muscle and adipose tissue [145, 146] . According to Kanaujia et al. (2010) , the glucose uptake effect of compounds prepared from Capparis moonii is associated with significant insulin receptor (IR) and insulin receptor substrate 1 (IRS-1) phosphorylation, GLUT4 and PI3-kinase mRNA expression. This suggests that the components of dandelion may modulate the phosphorylation of IRS-1, PI3K, and GLUT4 mRNA expression, and may thus beneficially impact glucose uptake in muscle cells [147] .
Toxicity of dandelion
As a result of the absence of toxins and alkaloids in its constituents, dandelion has low toxicity [77] . Studies on rabbits, mice, and rats, with rabbits treated orally with dried dandelion plant (3 to 6 g/kg body), and mice treated with dandelion ethanoic extracts, showed no significant or visible signs of toxicity [148] . However, allergic reactions are possible, and may occur in sensitive persons. Taraxinic acid and sesquiterpene lactone have been found to be the most allergic components in dandelion, causing allergic contact dermatitis and reactions in sensitive individuals [149] . In a study evaluating dandelion root extract efficacy in drugresistant human melanoma cells, the root extract was revealed to be non-toxic to normal human cells (while it was toxic to human melanoma cells) [150] .
Renowned physicians, the European commission, and the British Herbal Pharmacopoeia recommended the following range of doses for dandelion:
-Fresh leaves 4-10 g daily -Dried leaves 4-10 g daily -2-5 ml of leaf tincture, three times a day -Fresh leaf juice, 1 teaspoon twice daily, -Fluid extract 1-2 teaspoon daily -Fresh roots 2-8 g daily -Dried powder extract 250-1000 mg four times a day [151] Although these dose recommendations are rudimentary, they empower populations by providing alternative, accessible, and affordable treatments when conventional medicine is unattainable. Nonetheless, dandelion-derived compounds show great promise in treating T2D. Further research is warranted, especially regarding the isolation of its bioactive components, investigation and standardization of the pharmacokinetic and pharmacodynamic profiles of dandelion-derived compounds as pharmaceutical treatments and alternative medicines, and the comprehensive investigation of its effects through in-vitro, in-vivo, and clinical research.
Conclusions
Plant-based medicine is very useful in the management of T2D. Therapies originating from western medicine are costly and have poor availability for the majority of the global population, especially those in less developed countries [5] . Dandelion has been considered a key anti-diabetic plant because of its anti-hyperglycemic, antioxidative, and anti-inflammatory properties [44] . This is due to the various bioactive components present in dandelion, including polyphenolics, sesquiterpenes, triterpenes, and phytosterols. The most important and comprehensively studied bioactive components of dandelion are chlorogenic acid (CGA), chicory acid (CRA), taraxasterol (TS), and sesquiterpene lactones (SEL). These components possess great potential as anti-diabetic pharmaceuticals and nutraceuticals for regulating diabetes. They also have potential for use in antidiabetic functional food. New, unpublished data obtained in our department indicate that TS may be the most potent regulator of T2D [33, 152] .
Some research has been carried out to screen different plants for their anti-diabetic effects. Further research may make it possible to develop more affordable and more effective diabetes treatments derived from medical plants [101] . However, some work has already been done in vitro and in vivo to verify the effects and mechanisms of action of bioactive components of dandelion. In-vitro studies on clonal β-cell lines (INS-1E), α-cell lines, and human skeletal cell lines help to identify the specific bioactive components of the plant and the relevant mechanisms of action in diabetes. Therefore, new knowledge for improving diabetes treatment can be generated from this research, which is certainly able to reduce the impact of T2D on the world's social and economic burden.
Nevertheless, there is a need for more research on the effects of dandelion components in human clinical trials. Studies using human diabetic patients would easily determine the potency and viability of dandelion components for use against T2D. More research is also necessary on the bioavailability and metabolism of these components in humans. Research in this area would pave the way for the further development of dandelion-derived compounds as drugs and provide more comprehensive information to those who are in need of treatment which is not available currently.
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